PKA- and Ca2+-dependent p38 MAPK/CREB activation protects against manganese-mediated neuronal apoptosis.
Although manganese (Mn) is an essential trace element, its excessive consumption may lead to neuronal death and neurodegenerative disorders. Human cells launch adaptive responses to attenuate Mn-induced neurotoxicity. However, the regulation of the responsive proteins and their function during Mn-stimulated neurotoxicity remain largely unknown. We report the role of cyclic adenosine monophosphate (cAMP) response element-binding protein (CREB) in Mn-induced neuronal apoptosis. Mn increased CREB phosphorylation and cellular apoptosis in both PC12 cells and mouse brain tissue. Furthermore, downregulation of CREB with shRNA plasmid transfection significantly worsened the PC12 cell apoptosis by decreasing mRNA and protein expression of brain-derived neurotrophic factor (BDNF). Moreover, Mn enhanced protein kinase A (PKA) activation and activation of the p38 MAPK and JNK pathways. Inhibition of p38 MAPK rather than JNK effectively reduced the CREB phosphorylation. Subsequent analysis showed that a PKA inhibitor blocked p38 MAPK and CREB phosphorylation. Moreover, the intracellular Ca2+ chelator BAPTA-AM decreased the phosphorylation of p38 MAPK and CREB but failed to reduce PKA activation. In summary, p38 MAPK/CREB activation via PKA activation and increased cellular Ca2+ helped to alleviate Mn-induced neuronal apoptosis via BDNF regulation. These findings improve our understanding of Mn-induced neurotoxicity and the molecular targets to antagonise it.